In this study, five industrial senior designers are invited to observe and record a required design practice course of an industrial design department of a university for one semester, 18 weeks, each week for 5-6 hours. During the process, the imagination indicators proposed by Vygotsky is adopted in combination with a 5-point Likert scale. The sophomore class, 63 students in total, is observed. The outcome of study indicates that when the topics are with limitation, the gender factor has significant influence during design stages, and the influence of students' pre-university learning background is significant as well. When the topics are not limited, the influence of the gender factor also appears to be significant. The pre-university learning background has more influence on the performance of imagination and vocational high school graduates do better than regular high school graduates. In the meantime, students with higher level of class participation exhibit better imagination.
INTRODUCTION
Today, in spite of the rapid advancement in technology, imagination is still the best soft power in the development of human civilization. It is also an important ability to present human intelligence. Imagination is required to stimulate innovations and breakthroughs in every field, especially the design industry where creativity and innovativeness are highly essential. At present, all advanced nations, besides emphasizing the importance of cultivation of creativity, have started to work out plans to cultivate imagination. Industrial design is a problemsolving process. Professional designers must have great imagination and creativity to solve problems (Liang, 2008; Smith et al., 1995) . In Taiwan, the industrial and academic sectors highly value and are also in urgent need of product development and design personnel and design students with creativity, integrated ability and planning ability. These abilities are considered important indicators for industrial competitiveness in the future.
However, the industrial sector and the academic sector hold different views toward the factors that have influence on imagination. Some scholars suggest the length of time of design activities can have an effect on thinking and imagination (Lin et al., 2014; Wieth & Zacks, 2011) . Others try to study the influence of situations on imagination (Folkmann, 2013; Smith et al., 2009) . Overall, studies conducted in Taiwan on actual use of imagination still lack definition of other factors and experiments, particularly in research of design education in university (Liang et al., 2016) , making it an area urgently calling for exploration. Other than that, during the process of application of design methods and design thinking, there is often the black-box phase, a part of the process that takes places in the mind of the designer. Whether verbal or nonverbal study approaches are adopted to analyze and examine it (such as thinking out loud or interview), it is impossible to establish the designer's complete thinking process and design logic (Liang et al., 2010) . Therefore, finding out how to guide or stimulate the imagination of designers or design students is a rather important issue in development of creative product design, especially cultivation of future design talents-students. In Taiwan, students of design departments in university include vocational and regular high school graduates. So far, studies on the influence of pre-university learning backgrounds on imagination have been few. If this area can be examined by including also the student gender and class participation factors, it may be possible to learn more about imagination in design.
The objective of this study is to discuss whether factors such as the pre-university learning background, gender and class participation have any effect on the use of imagination of students when they engage in product design for industrial design courses. The imagination indicators proposed by Vygotsky (2004) are adopted in this study. Design experts are invited to form a team to analyze the contents of each design stage in practice courses in Taiwan to establish data in correspondence with the said indicators and then, based on the data, the experts observe a design class for 18 weeks, record the results and complete related statistical work to study whether the preuniversity learning background, gender and class participation have influence on the imagination of the students at each design stage. In Chapter 2, literature associated with design thinking and design imagination, innovative integration and design imagination, and imagination experience, logical thinking and non-logical thinking will be discussed.
LITERATURE REVIEW

Design Thinking and Design Imagination
The factors that can influence design thinking and design imagination in the design industry and business environment are not only limited to the know-how, skills and aesthetic literacy of the designer; they may also hide in the overall design process and development (Bruce & Cooper, 1997; Cross, 1994) , including project experience, information changes and use, and customer relations which all can have direct or indirect effects on the development of the designer's design thinking and design imagination and even affect the final outcome and presentation of the project (Ulrichj & Eppinger, 1995) . Hence, the dissimilarities in design characteristics, practices and perception and depiction of design problems between different designers can lead to different contents and directions of thinking as well as distinct results (Liang, 2008) . Therefore, the importance of design thinking and design imagination goes without saying. In other words, they form the soft power of each designer and have a deep impact on the innovativeness and competitiveness of products designed.
Design thinking and cognition are a creative and innovative problem-solving process in which designers examine and determine the factors that can cause differentiation. At this point, creativity can also take place. This process is a rather important issue in research of design thinking and imagination today (Cross, 1994; Holt, 1990) . When an experienced designer stresses the significance of the problem-solving process and the result can make customers satisfied and gain profit at the same time, design activities are just like a creative problem-solving process (Lawson, 2006; Pahl et al., 2007) . Development of design thinking is to assure the outcome can better comply with the expectations and experiences of consumers (Chang, 2010) . This kind of design mode is called consumer-oriented creative design mode which can usually lead to products that sell better and also set the guideline for the tendency of further development of the products.
A number of studies on design thinking and imagination indicate (Liang, 2008; Vygotsky, 2004; Worst, 2007) that when design thinking first begins and imagination is in a stage of "extraction, association, preparation and fermentation, the contents belong to "restoration of memory, association of memory, generalization of memory, analogy of memory and other mental activities. These are related to "extraction and rephrasing" in the process of design imagination to extract appropriate materials or elements to solve design problems and create products. Creative imagination occurs as a result of the stimuli gathered for designers to reassemble and think to come up with solutions.
Contribution of this paper to the literature
• This study attempts to analyze the influencing factors of black box of imagination and design thinking, furthermore, to explore the references of different scope.
• This study explored students' performance in design imagination from four different influencing factors, and the results can be the references to university teachers for their teaching strategy.
• The findings of this study can serve as references in introduction and development of further imagination stimulation courses to improve the imagination and performance design student in university in order to train more talents with innovative thinking.
Innovative Integration and Design Imagination
Since the Arts and Crafts Movement, the foundation of development in the field of design and related research has been laid down in the UK. The contents of design and techniques in the UK include industrial design and engineering design. Industrial design involves product quality and attractiveness and consumer recognition, whereas engineering design focuses on technical innovations and how to turn concepts developed through industrial design into products (Liang, 2008) . Product innovation used to emphasize more on functions, but now the stress is placed on taste, features and market differentiation. Steve Jobs once pointed out in an interview when he was young that functions were emphasized in the products of Microsoft but taste was lacking (Isaacson, 2011) . The success of the various products of Apple since then has proven this.
Innovative integration refers to the consolidation of originality, strategy and specification during the product planning stage (conception, proposal and specification). US-based HaA Design has pointed out that "originality" is the path indicators, including the "direction" and the "blueprint," of the "map." It is a concise explanation of the aforesaid "originality" and "strategy" (HaA Design, 2016) . With the emergence of the experience economy, businesses are taking the initiative to "create consumers' new feelings about their products," in other words, to interpret "originality" from a new angle (Pine & Gilmore, 1998) . Many studies have also suggested (Liang, 2008) ; Shan et al., 2002; Yu et al., 2001 ) that design strategies are intended to incorporate innovativeness in products to allow users to have new experiences. Subsequently, the framework of a product is precisely established to guide designers to understand the background to find inspirations and solutions through design development and discussion. Then inspirations are transformed into applicable concepts, operating modes or interactive product simulations to bring imagination to realization. In the end, the concepts are converted into mature concrete products to be tested and marketed through trade shows and catalogs. In other words, through divergence and convergence, related knowledge is incessantly internalized and externalized to create new products. Therefore, application of the core knowledge of industrial design in the product planning stage to maximize its influence on design imagination will make significant contributions to the innovativeness and sustainable management of the design industry.
Imagination Experience, Logical Thinking and Non-Logical Thinking
Imagination experience is an industrial design concept derived from application of the scenario method with the scenario design method in teaching. It is intuitive, perceivable, as well as logical and non-logical at the same time. Stimuli are needed to trigger the use of the concept. Inspirations may occur in a series and alone, depending on the growth environment and the formation of experience and cultivation of knowledge (Xu & Bien, 2002) . As pointed out in Experiences in Visual Thinking by McKim (1980) , images are to stimulate the thinking mode of "visualization, imagination and drawing." Goldschmidt (1994) , on the other hand, suggests images first appear in an individual's mind and are modified to become the images the individual intends to express. Knowledge is processed professionally (for example, industrial design approaches) and developed into innovative know-how through comparison, verification, association and communication to develop core competitiveness that takes form as a result of extension and accumulation of diverse knowledge and makes it possible for an enterprise to have positive development (Wu, 2002) .
Logical thinking is a guideline and mode according to which humans infer and deduce their ideas. That is to say humans can adopt various approaches to know the truth. Each way of recognizing an idea can be seen as a form of logic (Lucas et al., 2003) . It is related to imagination to some extent. As indicated in studies on logical thinking (Pezzuti et al., 2014; Wang, 2003) and non-logical thinking (Hitchcock, 2009; Su, 2002) , the diverse forms of thinking can be contradictory to, different from and opposite to existing logic and, because of such relations, stimulate imagination.
METHODOLOGY
In this study, an industrial design department that has been around for more than 15 years is selected to examine its required practice courses and the research is conducted in three phases: analyzing the connection of the contents of different stages of the design course by using imagination indicators, observing how the courses are taught and recording the use of imagination, and analyzing the imagination of students in different stages of the design course.
Analysis of the Connection between the Contents of Different Stages of Design Courses with Imagination Indicators
During this phase of study, the contents of the target course each week are analyzed to understand the framework of teaching of practice courses of industrial design or product design. Five designers each with more than ten years of design experience are invited to form the focus group and study whether the contents of the design courses to be taught for 18 weeks are associated with the imagination indicators proposed by Vygotsky (2004) or related to the arguments presented in the literature reviewed earlier about stimulation of students' imagination. The items to be evaluated in the imagination evaluation scale are the imagination indicators proposed by Vygotsky in his publication Theoretical Conceptions of Imagination: initiation, fluency, flexibility and originality, as shown in Table 1 .
Observation of Design Course Teaching and Recording of Use of Imagination
The five experienced designers participating in the first experiment observe design class teaching through participant observation and record the processes of ten design class sessions for one semester, 18 weeks (the time spent on class regulation explanation, departmental evaluation, mid-term and final examinations deducted) to assess the use of students' imagination in different design stages. Low-involvement participant observation is adopted, meaning that the participation is mainly to observe. The experts observe as teaching assistants and do not disturb the class by engaging in conversations or interactions with the teacher or students. It is a sophomore class and there are 63 students in total. The class is observed five to six hours per week, depending on the class arrangement.
When observing, the five experienced designers take notes and each one uses an imagination evaluation scale to record the students' use of imagination in different design stages. There are also research assistants to take pictures of each work designed by each student and film the design processes to facilitate subsequent quantitative and qualitative analysis. A five-point Likert scale is adopted and the imagination indicators, namely initiation, fluency, flexibility and originality, proposed by Vygotsky are applied to evaluate the imagination of students as they design their works each week. Among the many studies conducted with regard to imagination, these indicators are the ones more generally accepted.
Analysis of Students' Imagination in Different Stages of the Design Course
In this phase of study, the contents of observation and results recorded by the focus group are quantified for statistical analysis and qualitative work analysis to examine whether the use of students' imagination in different stages of the design course is affected by factors such as gender, the pre-university learning background, participation and topic limitation. Three hypotheses are also explored according to the results of statistical analysis:
Student gender and pre-university learning background have no significant influence on students' use of imagination (1-5 points) (two-way analysis of variance).
Student participation in discussions (1-5 points) has no relation to students' use of imagination (Pearson correlation analysis).
Whether there is topic limitation or not has no significant influence on students' use of imagination (1-5 points) (dependent sample t-test).
In subsequence, quantitative work analysis is conducted to examine the results from the quantitative study. The photographs taken in ten class sessions and electronic files of the students' works are also referred to for the research team and focus group to undergo. 
Initiation
An individual with past achievements as a result of his or her imagination has a lot of mental images that could serve as topics. The more experience an individual accumulates, the more diverse the mental images that can be extracted will be. It is related to past experience.
Fluency
The existing cognitive schema of an individual's database can be developed into imagination with a brand-new schema through logical analogy triggered by internal or external stimulation. In other words, it is the quantity of associations of similar types generated as a result of internal or external stimulation.
Flexibility
The existing cognitive schema of an individual's database can be developed into the ability to make associations with a brand-new schema through logical analogy triggered by internal or external stimulation. Different from fluency, flexibility allows an individual to break through the current condition. At the same time, different angles are adopted to think about possibilities and directions of flexible changes, including type conversion and diversified association between dissimilar types.
Originality
Mental images created by an individual based on his or her ability to make associations are assembled, converted and twisted to become an ability through creative thinking. It is breakthrough thinking ability generated by integration of the ability to make associations and the ability to "create something out of nothing. The individual will be able to break through conventional boundaries and come up with new and unique ideas without the restraints of older systems.
RESULTS
Results of Analysis of the Connection between the Contents of Design Stages and Imagination Indicators
After a joint analysis conducted by the research team and the focus group, the contents of ten class sessions (the time spent on class regulations explanation, departmental evaluation, mid-term and final examinations deducted) in which design activities take place are adopted as the subject and what happen in different design stages of the courses is examined. In the end, the Vygotsky imagination indicators are applied to evaluate the results of observation and recorded use of imagination. It is concluded in this study that the stages of first draft, second draft and draft refinement have a lot to do with initiation and fluency, while the stage of model production is closely related to flexibility and the final product precision mold establishment stage is closely related to originality. The design course observation activities are divided into two parts, each a complete product design project. The first project is carried out in the first five class sessions. The topic is "design of sound-playing products" and limitation exists. The second one is conducted in the second five class sessions. The topic is "design of products with light, sound and heat." There is no topic limitation; hence, the design topic is more open. The stages of the design course and the connection between the course contents and imagination indicators are as shown in Tables 2 and 3.
Results of Observation of Design Course Teaching and Recording of Use of Imagination
The design imagination evaluation scale is established to measure the results obtained in the first half of this study. Class participation is included in the scale since one of the purposes of this study is to examine whether it will affect design imagination. The results are as shown in Table 4 . After discussing with the teacher, each student chooses three of the concepts in the first draft and establishes two more drafts.
After discussing with the teacher, each student selects two concepts from the second drafts and draws a refined design that includes details and various aspects.
Based on the two concepts presented in the refined draft, each student produces the engineering drawing and then builds the model accordingly.
After discussing with the teacher, each student chooses one of the two concepts to produce the product precision mold and also designs the presentation board. After discussing with the teacher, each student chooses three of the concepts in the first draft and establishes two more drafts.
After discussing with the teacher, each student chooses one of the two concepts to produce the product precision mold and also designs the presentation board.
The five experts used the design imagination evaluation scale to record the two design projects implemented by the 63 students in the class. The results are the quantified data on the use of imagination in ten class sessions. The research team also filmed the process of each of the ten sessions, including the students' participation in discussions and the status of the works designed in each stage. The results will be analyzed in the following section. Figure 1 shows the process of teaching observation and recording of use of imagination.
Results of Analysis of Students' Imagination Exhibited in Their Works for the Design Course
Descriptive statistics on the overall use of students' imagination
As indicated in the quantitative data established in the imagination evaluation scale by the five experts observing the ten class sessions, there are 63 students. There are 26 males and 37 females when classified by gender, and 49 regular senior high school graduates and 14 vocational high school graduates when classified by preuniversity learning background. The descriptive statistics on the performance of the students' imagination when designing according to a topic with limitation are as shown in Table 5 .
The descriptive statistics on the students' use of imagination when designing according to a topic without limitation are as shown in Table 6 . 
Results of statistical analysis of the influence of the students' gender and pre-university learning background on their design imagination
The statistics on the influence of the students' gender and pre-university learning background on their use of imagination indicate that the gender factor has a larger effect on use of imagination. When this finding is combined with the descriptive statistics shown in Tables 5 and 6, it is obvious that the female students outdo the male ones in initiation and fluency in the first draft stage, in initiation in the second draft stage and in initiation and fluency in the draft refinement stage. In the meantime, the pre-university learning factor has significant influence on flexibility in model production. Vocational high school graduates outperform regular senior high school graduates. The statistics are as shown in Table 7 .
The statistics on the influence of student gender and pre-university learning background on use of imagination when designing according to a topic without limitation indicate that the pre-university learning background has more influence on use of imagination in the beginning of the design work. When this outcome is combined with the aforesaid descriptive statistics, it is obvious that vocational high school graduates outperform regular senior high school graduates in initiation and fluency during the first draft stage and in initiation during the second draft stage. Meanwhile, the gender factor appears significantly different in initiation during the first draft 1 stage and in originality in the last stage of establishment of the product precision mold and presentation board. Female students outdo males ones. The statistics are as shown in Table 8 .
Statistics on the influence of student participation in discussions on design imagination
The correlation statistics on the influence of students' participation in discussions on design imagination when they design products with topic limitation reveal all the design course contents have high positive correlations (Pearson correlation coefficient>0.7), meaning the students' performance and attitude when discussing designs with topic limitation are highly positively correlated with the performance of their imagination in each design stage. The statistics are as shown in Table 9 . The correlation statistics on the influence of students' participation in discussions on design imagination when they design products without topic limitation reveal most design course contents have high positive correlations (Pearson correlation coefficient>0.7), meaning the students' performance and attitude when discussing designs without topic limitation are highly positively correlated with the performance of their imagination in each design stage. The statistics are as shown in Table 10 .
Statistics on the influence of topics with/without limitation on the students' imagination
The statistics on the influence of topics with/without limitation on the students' imagination indicate that during the beginning of draft initiation and concept convergence in the draft refinement stage, the students use their imagination better, but there is no significance difference in other stages. The statistics are as shown in Table  11 . Results of qualitative analysis of imagination exhibited in the works produced by the students for the design course
(1) Using "gender" as a variable in examination of design of products with/without topic limitation When using imagination to initiate concepts for products, the female students outperform the male ones during both the draft and draft refinement stages. They produce better combinations of straight and curved lines as well as more form variations. As a consequence, the styles of their products are more changeful and this explains why the statistics indicate female students do better than the male ones in initiation and fluency during the first draft stage, in initiation and fluency during the second draft stage and in initiation and fluency during the draft refinement stage. However, in the second half of the design process, during the model production stage and the product precision mold and presentation board product stage, the works show there is no significant difference between the female and male students. Moreover, when there is no limitation on the topic, the use of imagination of the female students is also not significantly different from that of the male ones, as indicated in the statistics.
(2) Using "pre-university learning background" as a variable in examination of design of products with/without limitation During the first draft stage, the students show no significant difference in use of imagination. Nevertheless, in the second draft stage, each student with a vocational high school background can continue to produce a certain number of drafts with various concepts and again develops more related drafts based on those drafts, exhibiting decent initiation and fluency. On the contrary, students with regular senior high school education produce drafts that contain less diversity while the contents are also excessively similar to currently available products. For this reason, the experts are unable to give them high scores in initiation and fluency. In addition, during the model production stage, the vocational high school graduates are able to convert 2D designs into initial 3D models which also turn out to be more complete compared to the ones produced by those with a regular high school background. Therefore, the statistics show that the ones with a vocational high school background perform better in flexibility in the model production stage than those with a regular senior high school background. However, when the topic has no limitation, the use of imagination between these two groups of students is not significantly different. One thing certain is that the use of imagination of all the students appears to be better when the topic is limited.
(3) Using "participation in discussions" as a variable in examination of design of products with/without limitation It is discovered that students with higher ratings in discussion participation ask more questions in class and they also are able to brainstorm based on the teacher's answers and suggestions to get more inspirations and implement them in the following stage of design work. Besides, students who participate more in discussions can also produce more and diverse drafts and come up with products of more changeful forms. The operating methods of their products are more innovative and their design performance in subsequent design stages is better than those with lower-level participation in discussions. In comparison, the latter type of students spends less time discussing with the teacher and asks fewer questions. Their drafts normally contain one or two product concepts and the designs are more realistic. The concepts are often similar to those in existing products and the final results are common and lack imagination. When the topic is without limitation, the discussion participation ratings are more or less the same as when the topic is limited. In every design stage, students with higher ratings in discussion participation perform better than the ones with lower ratings.
(4) Using "with/without topic limitation" as a variable in examination of imagination performance in each stage of the design process When the topic is limited, all the students are able to come up with product concept drafts according to the topic given by the teacher in the first draft stage. For instance, some students adopt environmental protection and energy saving as the theme and draw out car lights, digital bus stops, sports equipment and solar street lights. The lines in the drawings are fluent and changeful and the styles are also more diverse, formed with geometric and curved lines or irregular lines. The functions are clearly defined and there are innovative ideas. On the contrary, when the topic has no limitation, there is not enough imagination in the initial drafts and repeated concepts are obvious.
When the topic has limitation, the students perform better in styling, color distribution and component arrangement in the draft refinement stage, compared to when the topic has no limitation. For example, some, students draw out aromatic hydrotherapy machines in the shape of flowers and try different numbers of flower petals and color distribution and leaf form variations whereas some others incorporate necklaces, zippers and bracelets in portable emergency first-aid kits. However, when the topic has no limitation, the results of draft refinement are relatively less characteristic and the final products lack imagination and are also similar to existing products available on the market.
CONCLUSION
The results of exploration of related issues in studies of design imagination can serve as references in introduction and development of further imagination stimulation courses to improve the imagination and performance design student in university in order to train more talents with innovative thinking. This study is intended to find out which factors have significant influence on student imagination stimulation and guidance in design education in university in Taiwan. The results of this study can serve as references for further studies on design imagination. They can also be helpful for teachers of design courses to make suitable adjustments when various factors are taken into consideration to improve design courses and students' imagination.
By studying the contents and teaching of current design courses and students' use of imagination, more factors that stimulate imagination can be identified to offer substantial suggestions for design education. Future studies can also include other teaching materials or methods that stimulate imagination. It is hoped that the findings in this study can have concrete benefits in establishment of projects to develop the theoretic foundation for research on imagination and improvement of imagination in design education to upgrade the imagination of design students in university in Taiwan to make substantial contributions to the industrial design industry.
